Using the NIH Pediatric MRI Data Repository for normative developmental studies, white matter depth within the gyri of the frontal, temporal, parietal, and occipital lobes, and of the left and right hemisphere was identified for 312 typically developing children and young adults (168 male and 144 female) between 4 and 23 years of age. There was no significant age difference between male and female groups overall (F 1,867 = 0.0002; p = 0.99) or per-visit (F 2,867 = 2.18; p = 0.86). There was significant dependence of gyral window upon age (F 1,6544 = 115, p < 0.0001), lobe (F 3,6544 = 229, p < 0.0001), hemisphere (F 1,6544 = 5.23, p = 0.022), age*sex (F 1,6544 = 13.8, p = 0.0002), age*lobe (F 3,6544 = 120, p = 0.0001), and age*hemisphere (F 1,6544 = 4.41, p = 0.036). Gyrification increased with age in both males and females in the frontal, temporal and parietal lobes with opposite effects observed in the occipital lobe. Relative gyral depth, as measured in this study, was significantly (p < 0.0001) inversely correlated with gyrification index. Previous studies relate gyral window measurements to the differential expression of short and long corticocortical projections. Our results therefore suggest that the pattern of corticocortical connections is malleable during the first two decades of development.
Introduction
During childhood and adolescence, the brain undergoes cortical changes in progressive myelination and regressive pruning [1, 2] . As the brain develops, it establishes new cortical folds. A quantitative measure of cortical folding is referred to as the gyrification index (GI). GI has been described as a measure of the ratio between the total gyral cortical surface over the perimeter of the brain. This metric reflects the amount of cortex entrenched within cortical folds and has been found to vary with age, hemisphere and lobe [3, 4] . Another anthropometric measure of gyrification is the gyral window. The concept of the gyral window ( Figure 1 ) was first posited by Prothero and Sundsten [5] who defined it as, "the hypothetical plane between a gyrus and the underlying white matter through which the afferent and efferent cortical fibers enter and leave the cortex". However, there were a few disadvantages of Prothero and Sundsten's gyral window design. For one, its straight, close-packed cube model does not adapt well to the curved convolutions of human brains [5] . Secondly, Prothero's gyral window theory was not conceptualized formally and, by our standards, engaged poor intra-and interrater reliability. To address these concerns, our laboratory implemented an automated, unbiased computer model that randomly generates points onto a section of gyral white matter. Each point then expands into a sphere.
The software measures the radius from the center of the sphere to the boundary of the gyral white matter and calculates the mean distance map of all the points generated for the entire section.
Gross anatomical and MRI investigations of typical brain growth in relation to age and gender have revealed that gyrification occurs in a pattern from ventral to dorsal and caudal to rostral structures [6] . According to Giedd et al. [7] , the Child Psychiatry Branch cohort reported that by age 6, the total brain is estimated to have achieved 95% of its peak volume, reaching its apex at about age 10.5 in females and age
in males.
It has been theorized that a reduction in gyral window space limits the amount of white fiber tracts that can enter and leave the individual gyrus, thus favoring short-range connection fibers at the expense of longrange fibers [8] . In addition, an observed relationship between gyral window size and corpus callosum size suggests that a reduced gyral window constrains the total number of long range projections such as commissural fibers. The aforementioned studies suggest that gyral window measurements serve as a proxy index for corticocortical connectivity. In this study, we identified both the gyral index and gyral window depth of 312 typicallydeveloping children and young adults from the NIH Pediatric MRI Data Repository (NIHPD) to investigate changes accrued to age and gender.
Experimental procedures

Data source
Volumetric data and associated metadata were obtained from the NIH Pediatric MRI Data Repository (NIHPD) in accordance with the repository's data usage agreement. NIHPD is a product of the NIH MRI Study of Normal Brain Development, a multi-center, longitudinal study of over one thousand healthy children across the United States [9] . 
Gyrification index
The gyrification index (GI) of a closed surface is its area divided by the surface area of its convex hull [4] . It provides for a scale-independent measure of non-convexity. The NIHPD includes several measurements of GI for each cerebral and cortex (Cx) covering the gyral crest and the walls of the surrounding sulci. Cortical afferent and efferent fibers pass through the white matter surface ∂cw. Long-range (commissural, thalamo-cortical, cortico-spinal, etc.) fibers must further pass through the interior white matter surface of the gyrus. This gyral window (Gwin) is a bottleneck imposing a physical constraint on the rate of information flow into and out of neurons in the gyrus.
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Translational Neuroscience hemisphere, computed using the gray matter surface, the white matter surface, and the medial surface equidistant between the other two. We considered only GI of the white matter surfaces as most relevant for comparison with . Statistical calculations were performed using R packages nlme [12] and mclust [13, 14] . 
Statistical analysis
results
Participant
discussion
We investigated the dependence of gyral window size upon age, individual lobe (frontal, parietal, temporal, occipital), and left or right hemisphere for typical developing male and female subjects in this study. We further Translational Neuroscience better at mentally rotating an object in space than women [22] and it has been suggested that this is because men use systematic rules to approach spatial tasks [23] . Baron-Cohen for all MRI for which both measurements were available, along with tolerance regions at the 50 %, 95 %, and 99 % level, assuming that (log (GI-1), log(1-)) follows a bivariate normal distribution.
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Within each cerebral hemisphere and lobe, relative gyral depth was modeled as a power law, where both the scale and exponent could differ between male and female (q.v. Eq. 2):
where the sign before β 1 and β 3 terms is + for female and − for male. Several developmental imaging studies confirm one of the earliest findings that larger brain sizes in males becomes evident during the first four to five years of life [17] [18] [19] . Some studies also indicate an increase in cortical gray matter volume to occur earlier in boys than in girls [7, 17, 19] whereas other studies state no significant differences in cortical volume growth in either gender [1, 20] . Our findings are consistent with those of Sowell et al. [20] whose statistical maps showed significant interaction of sex with age in regions of the bilateral dorsal frontal lobe and right inferior temporal lobe.
Studies on the cognitive differences of men and women have shown that men perform better than women on mathematical reasoning, mental rotation, perception of vertical and horizontal, and accuracy in hitting a target [21, 22] . Women perform better than men in verbal memory, range of vocabulary and finger dexterity [21] . Research conducted on spatial orientation showed that men are significantly
